Isocyanides are important ligands in coordination chemistry. 1 They are of great current interest in surface chemistry, where their binding on gold and other metals has been addressed using bi-and tridentate isocyanides. 2 However, despite their attractive properties, the number of oligodentate isocyanides has remained small in comparison to other prominent ligand families. 3 Because of our interest in redox-functionalized ligands, 4 1,1′-diisocyanoferrocene 5 (1) has caught our attention. 1 is a potentially bidentate ligand, whose chemistry, much to our surprise, has remained unexplored thus far. Its monodentate analogue isocyanoferrocene (2) , however, has already been investigated in detail. 2 behaves like an aryl isocyanide in complexes such as (2)Cr(CO) 5 . 6 IR data indicate that 1 behaves analogously. It readily forms (1) [Cr(CO) 5 ] 2 with 2 equiv of Cr(CO) 5 (THF), whereupon the ν(NC) band shifts from 2118 to 2142 cm -1 . This effect is similar to that observed in the case of (2)Cr(CO) 5 . 6d (1) [Cr(CO) 5 ] 2 was structurally characterized by X-ray diffraction. It exhibits an eclipsed orientation of the cyclopentadienyl rings with a synclinal arrangement of the two substituents. Spectroelectrochemical investigations have revealed that oxidation of the ferrocene unit of (1) [Cr(CO) 5 ] 2 (E°′ ) 0.55 V vs ferrocenium/ ferrocene) leads to a shift of the isocyanide band to 2017 cm -1 , a fact that can be explained by a decreased net electron donor ability of 1 + .
The distance between the two Cp decks of ferrocene is 3.32 Å, and the molecule shows ball-bearing-like features, since the barrier for ring rotation is very small. 7 In view of these properties, an investigation of the coordination behavior of 1 toward gold(I) seemed interesting, since in the solid-state aurophilic interactions between neighboring molecules in isocyanide gold(I) complexes can lead to intermolecular Au-Au contacts below the sum of the estimated van der Waals radii (3.6 Å). 8, 9 We envisaged that here intramolecular Au-Au interactions lead to an unprecedented diaura-[6]ferrocenophane. In general, two-coordinate gold(I) compounds experience attractive aurophilic interactions if the Au-Au separations are below 3.6 Å; their strength can be up to 10 kcal mol -1 for a dimeric unit, similar to standard hydrogen bonds. 8, 10 The energetic contribution of longer Au-Au contacts is negligible. 8a Aurophilic association can also lead to oligomers and one-and twodimensional polymers.
In comparison to ligands such as R 3 P, R 2 S, etc., isocyanides appear to weaken aurophilic bonding in gold(I) compounds, 11a as witnessed by Au-Au separations close to the threshold value of 3.6 Å. [(1)(AuCl) 2 ] ∞ proved to be insoluble in all common solvents, including hot acetonitrile, pyridine, 1,2-dichloroethane, dimethyl sulfide, as well as DMSO and DMF. The polymer undergoes ligand substitution with tBuNC and Ph 3 P in dichloromethane, liberating uncoordinated 1. Small single crystals of [(1)(AuCl) 2 ] ∞ were obtained by a diffusion method. The result of the single-crystal X-ray diffraction study is shown in Figure 1 .
The molecules adopt the anticipated 3,4-diaura-[6]ferrocenophane structure. The intramolecular Au-Au distance is 3.34 Å, which is essentially identical to the distance between the Cp rings in ferrocene and to the Au-Au separation observed for (MesNC)-AuCl (vide supra). Whereas (MesNC)AuCl is aggregated into dimers, the (1)(AuCl) 2 units form one-dimensional chains. The zipperlike arrangement of the molecules leads to a corrugated ribbon of gold atoms composed of two parallel chains, each exhibiting alternating Au-Au distances of 3.35 and 3.48 Å.
The structural and functional similarities of aurophilic and hydrogen bonding have been emphasized in recent studies. 13 In particular, a striking structural similarity between isocyanide complexes Me(CH 2 ) n-1 NCAuCl and primary alcohols Me(CH 2 ) n OH has been pointed out. 11b In this context, we note that the conformation and aggregation of the (1) 2 , where intramolecular hydrogen bonding occurs between the two alcoholic substituents; the molecules are aggregated into one-dimensional chains through intermolecular hydrogen bonds, with an antiparallel zipperlike arrangement of neighboring molecules. 14 The insoluble nature of [(1)(AuCl) 2 ] ∞ is unique for compounds of this kind and, in conjunction with the structural data, indicative of an effective balance between intra-and intermolecular aurophilicity. In view of the great current interest in metal-containing polymers, 15 we note that [(1)(AuCl) 2 ] ∞ is a new type of polymer with precious metal atoms in the backbone. 16 The chemisorption of 1 on polycrystalline gold from acetonitrile solution was investigated in situ and in real time by using optical second-harmonic generation (SHG). 17 Adsorption of 1 leads to a decrease of the SHG signal due to localization of electrons from the spill out ( Figure 2 ). The data are in perfect agreement with first-order Langmuir kinetics, which indicates direct adsorption of 1 from solution without intermediate states.
Ellipsometric measurements afford an average film thickness value of 14.1 Å. This is in good agreement with the expected value of 8.8 Å estimated from X-ray data of [(1)(AuCl) 2 ] ∞ , since the dimensions of monomolecular, and especially ferrocenyl-containing, films are generally overestimated by ellipsometry. 18 Monolayer formation is further supported by Fourier transform infrared reflection absorption spectroscopy. Comparison of spectra obtained with the modified gold substrate and those obtained from neat 1 reveals characteristic differences. The out-of-plane δ(CH) bands at 1040, 1028, and 817 cm -1 are decreased almost below noise level. This confirms parallel orientation of the cyclopentadienyl ring plane with respect to the surface normal, 19 as expected for the binding of both isocyano groups. On the other hand, in-plane modes such as ν(NC), ν(CC), and δ(CH) and ring distortion found in the IR spectrum of neat 1 at 2118, 1543, 1095, and 855 cm -1 , respectively, are clearly identified in the spectrum of 1 on gold. Interaction with the substrate leads to a strong polarization of lone pair electron density into the metal and causes a shift of the ν(NC) band from 2118 to 2181 cm -1 . This compares well with results obtained with other isocyanides 2 and also with the value of 2226 cm -1 found for [(1)(AuCl) 2 ] ∞ . There is no indication for any surfaceunbound isocyano groups in the film. The section from the crystal structure of [(1)(AuCl) 2 ] ∞ shown in Figure 1 may be taken as a model, cum grano salis, for the arrangement of 1 in self-assembled monolayers on gold.
